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IRU  GD\V ,Q DGGLWLRQ LI WKH VRLO DQG EHGURFN VDWXUDWHG SUHYLRXV UDLQIDOO HURVLRQ ULVN GHQXGLQJ WKH VRLO DQG
GHVWDELOL]H WKH VORSH 3UHYHQWLRQ DQG VXEVHTXHQW UHKDELOLWDWLRQ FRQVLVWV PDLQO\ RI GHHS GUDLQDJH VORSH E\
VXEKRUL]RQWDOZHOOVDQGFRQVLVWHQW VXUIDFHGUDLQDJH ,W LVDGYLVDEOH WR VHWXSDQGPRQLWRULQJV\VWHPH[DPLQH WKH
ODQGVOLGHDQGWRYHULI\WKHSRVVLEOHFKDQJHVLQWKHK\GURJHRORJLFDOFRQGLWLRQVLQWKHDUHD
,Q WKH FXUUHQW GHYHORSPHQW RI KXPDQ VRFLHW\ SOD\V D NH\ UROH LQ WKHXVH RI GLIIHUHQWIRUPDWLYH WHFKQRORJLHV WKDW
VLJQLILFDQWO\ LQFUHDVH TXDOLW\ DQG SURGXFWLYLW\ LQ DOO DUHDV 3DUW RI WKH LQIRUPDWLRQ WHFKQRORJ\ DQG JHRJUDSKLFDO
LQIRUPDWLRQV\VWHPV*,6
,QWKHFXUUHQWGHYHORSPHQWRIPRGHUQKXPDQVRFLHW\SOD\VDNH\UROHLQWKHXVHRIYDULRXVLQIRUPDWLRQWHFKQRORJLHV
7KHVHWHFKQRORJLHVZLOOJUHDWO\LQFUHDVHWKHTXDOLW\DQGSURGXFWLYLW\LQDOODUHDV7KHUHIRUH*,6LQUHFHQWO\EHFRPH
DQLQWHJUDOSDUWRIRUDX[LOLDU\WRROIRUUHVHDUFKPHWKRGVXVHGLQJHRWHFKQLFDOHQJLQHHULQJDQGHQJLQHHULQJJHRORJ\
:KHQSODQQLQJWKHGHYHORSPHQWRIWRZQVDQGYLOODJHVDVZHOODVLQILQGLQJDVXLWDEOHEXLOGLQJORFDWLRQVRUURXWHVRI
FRPPXQLFDWLRQ LV D YHU\ LPSRUWDQW UHJLRQDO UHVHDUFK VORSH IDLOXUHVZKLFK DOVR WHPSRUDULO\ VWDEOH FRQGLWLRQPD\
SRVHDSRWHQWLDOKD]DUGWRDOOW\SHVRIEXLOGLQJV,QWKHVL[WLHVWKHUHIRUHLWDFFHGHGWRWKHV\VWHPDWLFUHJLVWUDWLRQRI
VORSH IDLOXUHV HVSHFLDOO\ ODQGVOLGHV &XUUHQWO\ WKHUH DUH PRUH WKDQ   VORSH IDLOXUHV 7KLV UHJLVWHU LV
LQFRUSRUDWHGLQWRWKHJHRORJLFDOGDWDEDVH*HRIRQG%UDWLVODYD>@,QWKH*RYHUQPHQWDGRSWHGWKH&RQFHSWRI
(QYLURQPHQWDO0RQLWRULQJDQG&RQFHSWRI,QWHJUDWHG,QIRUPDWLRQ6\VWHPRQ(QYLURQPHQWRIWKH6ORYDNWHUULWRU\
3DUWLDOPRQLWRULQJV\VWHPRIJHRORJLFDOHQYLURQPHQWDOIDFWRUV306*()LVSDUWRIWKLVFRQFHSW3URYLGHVREMHFWLYH
LQIRUPDWLRQQHFHVVDU\IRUGHFLVLRQPDNLQJPDQDJHPHQWVXSHUYLVLRQDQGVFLHQWLILF UHVHDUFKDUHDEXWDOVRIRU WKH
SXEOLF*HRJUDSKLFGDWDLVSURFHVVHGLQWKHIRUPRI*,6ZKLFKLVDSUHFRQGLWLRQRIFODULW\DQGXVDELOLW\RIGDWD)LOH
LQIRUPDWLRQ V\VWHPV HQYLURQPHQW VHFWRU ERGHV ZHOO IRU WKH IXQFWLRQLQJ RI LQWHUFRQQHFWHG QDWLRQDO LQIRUPDWLRQ
V\VWHPZKLFKPDNHVDIDLUYLHZRIWKHVWDWHDQGGHYHORSPHQWRIWKHHQYLURQPHQWLQ6ORYDNLD>@

3DUWLDO PRQLWRULQJ V\VWHP RI JHRORJLFDO HQYLURQPHQWDO IDFWRUV FROOHFWV FRPSUHKHQVLYH LQIRUPDWLRQ DERXW WKH
PRQLWRUHG DUHDVZLWK WKH RFFXUUHQFHRI YDULRXV IDFWRUV DQG LPSDFWV RSHUDWHVXVLQJ WKUHH LQIRUPDWLRQ FHQWHUV WKDW
FROOHFWUDZGDWDDQGLQSXWRILQGLYLGXDOVXEV\VWHPV3,6*)SULPDU\WDVNRIFROOHFWLQJDQGDUFKLYLQJGDWD*UDSKLFDO
RXWSXW IURP WKH V\VWHP DUH GHWDLOHG VFDOHPDSV  WR   DQG FOHDU VFDOH   WR  ,Q
DGGLWLRQ WKH*,6 LQFOXGH VSDWLDO GDWD RQ WKH VLWXDWLRQ LQ LQGLYLGXDO ORFDOLWLHV 7KH GDWD LQ WKH WDEOH UHIHU WR WKH
VSHFLILF HOHPHQW RI WKH PRQLWRUHG ORFDWLRQV %\ WKH GHVFULSWLYH GDWD VHUYH WR IXUWKHU GHILQLWLRQ RI WKH URFN
HQYLURQPHQW DQG IDFWRUV DIIHFWLQJTXDOLW\ DQG HQYLURQPHQWDO YXOQHUDELOLW\ RI WKH VWDELOLW\ RI WKH WHUULWRU\:LWKLQ
VXEV\VWHPODQGVOLGHVDUHPRQLWRUHGVLWHV2QHRIWKHVLWHVLVDOVRDODQGVOLGHLQ2NROLþQp
8VHRI*,6IRUORFDOH[SORUDWLRQRIODQGVOLGHDUHDV
'XULQJORFDOVXUYH\RI ODQGVOLGHDUHDV LWQHHGVWRILQGDOO LQIRUPDWLRQDERXWIDFWRUV WKDWDIIHFW WKHVWDELOLW\RI WKH
VORSH $OO WKHVH GDWD FDQ EH SXW LQWR *,6 *,6 WKHUHIRUH FRQWDLQV D QXPEHU RI VSDFHEDVHG GDWD IURP GLIIHUHQW
VRXUFHV DQGGDWD WKDW DUHQRWRULHQWHGDQGFDOO WKHPDWWULEXWHGDWD6RPHRI WKHVHGDWD DUH WKHSULPDU\FKDUDFWHU
VLQFHWKH\ZHUHREWDLQHGGLUHFWO\LQWKHILHOGIRUXVHLQ*,6,QDGGLWLRQWRWKHVHGDWDLWLVSRVVLEOHWRVSHDNDERXW
VHFRQGDU\*,6 GDWD ZKLFKZHUH GHULYHG IURP H[LVWLQJ GRFXPHQWV HJ ROGHUPDSV 7KH UHVXOW RI GHWDLOHG ILHOG
PDSSLQJLVDGHWDLOHGPDSRIVORSHVWDELOLW\DWWR7KLVPDSPXVWEHTXLWHDFFXUDWHEHFDXVHLW LV
XVHGDVDEDVLVIRUWKHVWDELOLW\DQDO\VLVDQGVXEVHTXHQWSURSRVDOVWRVWDELOL]HWKHODQGVOLGH7KHSULPDU\VRXUFHRI
*,6 GDWD LV WKH GLUHFW PHDVXUHPHQW RI ODQGVOLGHV 7KH GDWD ZH REWDLQ JHRGHWLF PHDVXUHPHQWV LQ WKH ILHOG
SKRWRJUDPPHWULF XVLQJ DHULDO SKRWRJUDSKV DQG PHDVXUHPHQWV ZLWK *36 *OREDO 3RVLWLRQLQJ 6\VWHP *HRGHWLF
PHDVXUHPHQWV DUH VORZHU DQG PRUH H[SHQVLYH EXW DOORZV IRU D KLJKO\ DFFXUDWH GDWD 7KH DFFXUDF\ RI *36
PHDVXUHPHQWVLWLVSRVVLEOHVLJQLILFDQWO\LQFUHDVHWKHGLIIHUHQWLDO*36'*36)RUWKHVWDWLFPHDVXUHPHQWVFDQEH
XSWRPLOOLPHWUHSUHFLVLRQLQPHDVXULQJSRVLWLRQ8VLQJVSHFLDOVRIWZDUHLWLVSRVVLEOHDWWKHHQGRIWKHPHDVXUHPHQW
HUURUVFRUUHFWHG6RPH*36V\VWHPVFDQEHGLUHFWO\XVHGIRUGDWDFROOHFWLRQWR*,6HJ0RELOH0DSSHULVDVPDOO
\HW SRZHUIXO*36 V\VWHP IRU GDWD FROOHFWLRQ IRU*,6 LQ FRPELQDWLRQZLWK WKH VWDQGDUG IXQFWLRQDO SHUVRQDO*36
QDYLJDWRU7RJHWKHUZLWK*,6VRIWZDUHWRRO0RELOH0DSSHU2IILFHLWLVDXVHIXOWRROIRUWKRVHZKRQHHGWRTXLFNO\
DQGHDVLO\FROOHFWGDWDIRU\RXU*,6
:KHQREWDLQLQJGDWDLQWR*,6LVYHU\LPSRUWDQWUHPRWHVHQVLQJ56ZKLFKREWDLQVLQIRUPDWLRQDERXWWKH(DUWK
V
VXUIDFH7KHGDWDREWDLQHGIURPVDWHOOLWHV\VWHPVDUHUHFRUGHGLQWKHUDVWHUGDWDPRGHO7KHVOLGHDUHDFDQEHXVHGWR
GHWHUPLQHWKH56FRQWHQWRIZDWHULQWKHVRLOWKHDPRXQWRIELRPDVVWKHPLQHUDOFRPSRVLWLRQRIWKHURFNFKDQJH
UHFRUGLQJ WLPHDQG WKH OLNH ,QDGGLWLRQ WR WKHVHGDWD LW LVSRVVLEOH WR*,6GDWDEDVH LQFOXGHDOOGDWDUHODWHG WR WKH
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VXUYH\ ZRUN PRQLWRULQJ DQG VR RQ /RFDO VXUYH\ RI ODQGVOLGH DUHDV LQFOXGH GHWDLOHG PDSSLQJ SURELQJ ZRUN
JHRSK\VLFDOZRUN LQFOLQRPHWHUPHDVXUHPHQWVJURXQGZDWHU UHJLPHREVHUYDWLRQV ODERUDWRU\ZRUNDQG WKH OLNH$
VXUYH\RU ODWHU WKHUH LVD ODUJHDPRXQWRIPRQLWRULQJGDWDDQGRXWSXWV0DQ\RI WKHPDUHSURFHVVHGXVLQJVSHFLDO
VRIWZDUHRULQWKHFDOFXODWLRQRIVORSHVWDELOLW\6RPHRIWKHVHSURFHGXUHVFDQEHSHUIRUPHGXVLQJ*,6DQG*,6RU
ERGLHV SRVVLEO\ XVLQJ *,6 WR LQYHQWRU\ DQG DQDO\]H H[WHUQDO GDWD DQG YLVXDOL]H WKH UHVXOWV 7KH IROORZLQJ LV D
H[DPSOHRI*,6DSSOLFDWLRQVIRUVSHFLILFODQGVOLGHDUHDDERYHWKHYLOODJH2NROLþQp:KHQZRUNLQJRQDSURMHFWLW
ZDVXVHG*,6VRIWZDUH$UFYLHZ/DQGVOLGHLVDGLUHFWULVNWRWKHUDLOZD\OLQHäLOLQD.RãLFHDVWKHWUDFNFURVVHV
WKURXJKWKHPDLQODQGVOLGHERG\
3RWHQWLDOO\GDQJHURXVODQGVOLGHZDVLQFOXGHGLQWKHPRQLWRULQJQHWZRUN%HFDXVHRIWKLVDQGSHUIRUPLQLWUHJXODU
PHDVXUHPHQWVZKLFKDUHLQWHQGHGWRKLJKOLJKWWKHSRVVLEOHDFWLYDWLRQRIODQGVOLGHVDQGSUHYHQWGDPDJHWKDWFRXOGEH
H[WUHPHO\KLJKVLQFHWKHODQGVOLGHFRXOGFDXVHDORFNRXWWUDIILFRQWKLVEXV\WUDFN
2.1. The software module arcSlopeStab 
8VLQJ*,6GHWHUPLQLQJVORSHIDLOXUHSUREDELOLW\FDQEHGHULYHGIRUDODUJHDUHDLQDVKRUWWLPHLIWKHUHDUHVXIILFLHQW
GDWDPDLQO\JHRJUDSKLFDORIWKHDUHDRILQWHUHVW,QSULQFLSOHWKHPDWUL[UDVWHUYDULDEOHVWKDWGHVFULEHWKHLQWHUHVW
DUHDIRUWKHSXUSRVHVRIGHWHUPLQLQJVORSHVWDELOLW\RQWKHJURXQG3UREDELOLVWLFDQDO\VLVUHVXOWVUHSUHVHQWDUHDVZLWK
KLJKVXVFHSWLELOLW\DQG ODQGVOLGH IDLOXUH0RGXOH IRUGHWHUPLQLQJSUREDELOLVWLF VORSHVWDELOLW\ LVEDVHGRQD WKHRU\
GHYHORSHG E\ 0RWJRPHU\P DQG 'LHWULFK  DQG DGMXVWHG DFFRUGLQJ WR ZRUN 7UDERWRQD  ,W LV D
FRPELQDWLRQRIWKHK\GURORJLFDOPRGHODQGWKHSK\VLFDOPRGHORILQILQLWHVORSHVWDELOLW\,QSXWGDWDDUH
'LJLWDOWHUUDLQPRGHOWRSRJUDSKLFGDWD
0HFKDQLFDODQGK\GUDXOLFSURSHUWLHVRIVRLOVLQDJLYHQDUHD
&OLPDWLFGDWD>@
7KHVH GDWD DUH IXUWKHU SURFHVVHG WUHDWHG DQG XVHG WR GHWHUPLQH WKH SUREDELOLW\ RI VORSH IDLOXUH E\ D VRIWZDUH
PRGXOH DUF6ORSH6WDE ZKLFK UHSUHVHQWV WKH H[WHQVLRQ IRU $UF*,6 JHRJUDSKLF LQIRUPDWLRQ V\VWHP 7KH UHVXOW RI
SURFHVVLQJ WKH UDVWHU PDS PDWUL[ VKRZLQJ WKH SUREDELOLW\ RI ODQGVOLGH LQ WKH WHUULWRU\ >@ )RU WKH FDOFXODWLQJ
SXUSRVHVWKHVWDELOLW\RIVORSHVDQGWKHDQDO\VLVPXVWEHWKHPRVWDFFXUDWHPRGHORIUHOLHIWRNQRZWKHDUHDDQGLWV
JHRPHWULFDOSURSHUWLHV),*VKRZV WKHVXUIDFHRI WKHJURXQGDW WKHVLWH2NROLþQpZLWKFOHDUO\YLVLEOHERGLHVRI
ODQGVOLGHDQGHURVLRQVFRUHRQWKHOHIWVLGHRIWKHSLFWXUH,QDGGLWLRQWKH*,6ZDVGHVLJQHGDQDO\VLVRIVORSHDQG
VORSH RULHQWDWLRQ DQG GHYHORSHG D PRGHO RI VSDWLDO JHRPHWU\ RI VXEVXUIDFH VWUXFWXUHV 7KHVH ZLOO EH OLPLWHG WR
JUDSKLFDQGVSDWLDOSRVVLELOLWLHVRIWKLVSXEOLFDWLRQSUHVHQWHGGXULQJDOHFWXUHDWWKHFRQIHUHQFH*,6ZDVILOOHGZLWK
SOHQW\ RI JHRJUDSKLF DQG DWWULEXWH GDWD WKDW FRPH IURP HDUOLHU SHULRGV WLHV DV ZHOO DV GDWD IURP WKH FXUUHQW
PRQLWRULQJ,WLVDOVRGDWDRQJHRORJLFDOZRUNVGULOOLQJRUWKHOLNH:KLFKZHUHXVHGLQWKHFUHDWLRQRIDFRQFHSWXDO
PRGHO RI WKH JHRORJLFDO HQYLURQPHQW 2WKHU LQIRUPDWLRQ HJ GDWD RI UHJLPH REVHUYDWLRQV RU LQFOLQRPHWHU
PHDVXUHPHQWVZHUHDQDO\]HGRUZHUHRQO\JUDSKLFDOO\UHSUHVHQWHGLQWKHPDSRXWSXWIURPWKHSURMHFW


)LJ7HUUDLQPRGHO±ODQGVOLGH2NROLþQp
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2.2. Infinite slope model 
0HWKRGRIGHWHUPLQLQJWKHVWDELOLW\E\WKHPRGXOHarcSlopeStab ZHUHXVHG%DVHGRQWKHSK\VLFVRIWKHUROOVWDELOLW\
RI WKHVORSHZKLFKLV WKHUDWLRRI WKHGHVWDELOL]LQJHIIHFWVRIJUDYLW\DQGWKHVWDELOL]LQJHIIHFWVRI WKHIULFWLRQDQG
FRKHVLRQIRUFHVRIWKHVKHDUVXUIDFHZKLFKLVSDUDOOHOWRWKHVXUIDFHRIWKHHIIHFWVYDULDWLRQVWKDWDUHSUHVHQWRQWKH
KHHODQGWKHWRSRIWKHVORSHDUHQRWFRQVLGHUHG>@

)LJ6FKHPHRIWKHVWDELOLW\PRGHOIRULQILQLWHVORSH
7RSRJUDSKLFZHWQHVVLQGH[
7KHVDIHW\IDFWRURIVORSHFS

  > @
T
MT
VLQ
WDQFRV wrCFS
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